This paper is concerned with one of the most intriguing enigmas in otology, namely the ease with which a labyrinth affected by Meni6re's disease can be destroyed by trauma and the apparent difficulty of labyrinthine destruction following mastoid surgery for chronic suppurative disease.
There is a well-known traditional explanation mentioned by Cawthorne (1960) and Harrison (1970) which holds that the labyrinth involved in suppuration becomes loculated by healing fibrosis in such a way that pockets of vestibular epithelium survive, and by discharging irregularly cause vertigo. This theory was devised to account for those patients suffering imbalance and vertigo after mastoid surgery, who continue so to suffer despite numerous operations designed to destroy the labyrinth. I believe that this traditional explanation is incorrect, and wish to suggest an alternative simpler cause for the clinical facts.
The situation in Meniere's disease deserves comment at the outset. Some writers, including Harrison (1970) , have drawn attention to the occasional difficulty encountered in destroying the labyrinth. The general experience, however, is that even slight damage to part of the labyrinth in this disorder effectively destroys all cochlear and vestibular function. In 1957 Cawthorne described a method for labyrinthine destruction in Meniere's disease, namely removing the utricle from the vestibule through the oval window (Cawthorne 1957a) . This procedure superseded his earlier operation of removal of the membranous lateral canal. Only 2 out of 443 cases reported by him in 1960, following one or other of these operations, retained any vestibular function, and in each there was reason to believe that the utricle had not been damaged. Guilford (1964) described one failure in a series of 24 patients treated by removal of the membranous lateral semicircular canal. I have recently examined the records of 13 of my patients with unilateral Meniere's disease, treated by removal of the utricle (Cawthorne II operation), and in none, followed from a few months to seven years, has there been any further attack of vertigo. In 1970 Pedersen & Sorensen commented: 'Destruction of a minor portion of the labyrinth generally results in total loss of the overall function of the inner ear.' Not to state the case too strongly, there is good evidence that in Meniere's disease labyrinthectomy destroys the labyrinth and prevents further vertigo.
How dramatically different is the situation when dealing with patients whose balance has been deranged by chronic suppurative middleear disease. Before these patients develop into the much operated on but still unbalanced invalids with whom most otologists are unhappily familiar, they have usually started their vertiginous careers as examples of the syndrome called 'perilabyrinthitis'. Cawthorne coined this name in 1957 for a precisely defined syndrome of vertigo affecting certain patients who had undergone mastoidectomy (Cawthorne 1957b). He found that all these patients had had previous mastoid surgery; all had very brisk caloric responses; and he believed that in all there was a fistula into the labyrinth, either pre-existent or created at operation. The features of this syndrome are: (1) Previous mastoidectomy operation.
(2) Active fistula sign. (3) Brisk caloric responses. The explanation for the vertigo was similar to that given for the Tullio phenomenon, namely the presence of a fistula together with a mobile stapes allowing free movement of perilymph. The recommended treatment was destruction of the labyrinth. This was usually followed by persisting vertigo, and then further labyrinthine ablation was advised; and, as night follows day, so each period of imbalance called forth still more extensive, more skilful, but equally unsatisfactory assaults on the maligned labyrinth.
The views expressed here are based upon a study of the case histories of 11 patients who, after a proper diagnosis of 'perilabyrinthitis', had undergone between one and five labyrinthectomy operations each. This study clearly indicated that the persisting and recurrent giddiness after labyrinthectomy is caused by a mechanism quite different from that responsible in the original 'perilabyrinthitis'. The syndrome of giddiness after labyrinthectomy is emphatically different from the syndrome of perilabyrinthitis itself, and the causes of the giddiness are different. The failure to recognize this distinction has created misunderstanding, and has dictated plans of treatment destined to failure.
The case histories of patients suffering from vertigo following labyrinthectomy for perilabyrinthitis revealed certain distinct features. Nine of the 11 patients had a sensitive spot in the mastoid cavity, which, when touched with a probe, provoked violent vertigo. In the other 2, the case notes were unfortunately inadequate in that they did not record the presence or absence of such a sensitive area. Eight of these patients had undergone caloric tests, using cold water at 20°C run into the mastoid cavity for one minute; in none of these had there been any response whatsoever. This is a distinct change in the state of the preceding 'perilabyrinthitis' before labyrinthectomy.
Apart from one patient whose labyrinthectomy operation is too recent to allow useful comment, all the others have had repeated periods of imbalance, sometimes associated with violent attacks of vertigo. A characteristic of these periods, which is most important in understanding the nature of the disturbance, is that they usually coincide with, and are always exacerbated by, infection and discharge in the mastoid cavity. This has become clearly evident from the 8 case histories where adequate detail is recorded.
The features of a patient who had perilabyrinthitis, and subsequently one or more operations to damage the labyrinth, can be summarized as follows: (1) Recurrent instability associated with cavity infection. (2) Sensitive spot in cavity.
(3) No caloric response. These features suggest that there is no reason to believe the labyrinth less vulnerable to surgical damage in suppurative disease than it is in Meniere's syndrome, and support my opinion that the disequilibrium suffered by these patients after labyrinthectomy is due to direct stimulation of naked vestibular nerve endings embedded in the lining of the mastoid cavity. It is obvious here that the vestibular nerve fibres are protected from all forms of external insult by the intact middle-ear cleft and its bony containing walls. I submit that it is this protection alone which distinguishes the behaviour of the vestibular system after labyrinthectomy for Meniere's disease from its behaviour after labyrinthectomy for perilabyrinthitis. This distinction does not in any way depend upon a difference in the vulnerability of the labyrinth in the two disorders.
After labyrinthectomy for perilabyrinthitis (Fig 3) , presuming that most or all the vestibular epithelium has perished, the naked vestibular nerve endings, ramifying in the fibroepithelial lining of the mastoid cavity, are exposed to any direct neural stimulation, whether by inflam- Section ofOtology matory irritation of that lining when infected, or by direct prodding with a probe. There is no need for such a complex and unlikely suggestion as the survival of pockets of membranous labyrinth containing living active vestibular sensory epithelial cells (Fig 4) . It is improbable that cells like these, whose integrity depends on normal endolymphatic constitution and circulation, could survive the ravages and gross anatomical distortion caused by coarse labyrinthine operations.
The much simpler explanation suggested here fits the clinical facts. When a cavity becomes infected, inflammatory irritation of the vestibular nerve fibres would be expected, and with it vertigo. Caloric stimulation, which depends on movements of endolymph, should not be expected to excite subepithelial nerve fibres; but pressure with a probe on the sensitive spot should do so. These expectations have been fully realized in this group of patients.
Further support for the opinion that these postlabyrinthectomy patients are bereft of residual vestibular epithelium can be derived in a slightly indirect way. Many workers (including Precht et al. 1966 ) have shown that vestibular end-organ cells maintain a resting neural discharge in the vestibular nerve, and that this modifies the activity of the ipsilateral vestibular neurones. It is well known from similar work that if that resting discharge is cut off suddenly by destruction of the labyrinth or by division of the VIII nerve, spontaneous discharge from the vestibular neurones in the brainstem on that side is temporarily reduced, and the imbalance between the two sides manifests itself in the form of vertigo and nystagmus.
Four patients in the present series have undergone operations to divide the vestibular nerve on the affected side. Three of these showed no preoperative nystagmus, and in these 3 the operation of neurotomy produced neither vertigo nor nystagmus. The fourth patient had had a longlasting spontaneous jerking nystagmus directed towards the unaffected ear since the first attempt at labyrinthine destruction. Strangely enough, electronystagmographic studies showed that this nystagmus was of the peripheral variety in that it was enhanced by both eye closure and darkness. The point relevant to this paper, however, is that this nystagmus was not modified in any way by division of the VIII nerve on the affected side. A reasonable inference to be drawn from these 4 cases is that there was no resting discharge in the vestibular nerve before its division, and hence there was no residual sensory epithelium in the mastoid cavity.
If the ideas expressed here about the cause of this syndrome are correct, there is an important therapeutic corollary: repeated attempts to destroy the labyrinth are irrational, and a logical treatment would be surgical division of the VIII nerve. Four patients in this series have had operations to divide the VIII nerve. These had each suffered two labyrinthectomy operations without relief. Three of the 4 have been dramatically free from imbalance and vertigo since vestibular nerve section, and this benefit has been maintained for one year following the most recent operation, and up to 19 months after the earliest.
One of the 3 successes in this group deserves further mention. He had been incapacitated by recurrent episodes of disequilibrium and repeated attacks of violent vertigo for fourteen years. Much of that time had been spent in a mental home with a depressive illness, part of which was considered by the psychiatrists to be reactive, provoked by his vertigo. (Four of the 11 patients is discussed had been referred for psychiatric opinions; manyreaders mayfeel that these referrals in part reflect the otologist's feelings of inadequacy, after repeated operations which have failed to relieve the symptoms.) This patient had intracranial division of the VIII nerve in September 1969; following operation his balance was immediately secure, he returned home from his mental institution in January 1971, and, to paraphrase his own words, for the first time in 15 years he is now able to walk down the centre of a wide staircase without support.
Summary
Persistent vertigo following mastoid surgery has traditionally provoked a demand for destruction of the labyrinth. When imbalance has persisted, tradition has assumed that the labyrinthine destruction was inadequate, and should be more extensive. This paper suggests that labyrinthine destruction fails, not because of technical inadequacy but because the imbalance and vertigo are due to direct exposure of vestibular nerve endings in the mastoid cavity, and that these nerve endings might be stimulated in a number of nonspecific ways. Logically, therefore, this problem might be solved by vestibular nerve section.
Mr S R Mawson (London) said that Mr Ludman was to be congratulated on his original thinking on the subject of the cause of persistent vertigo following bony labyrinthectomy. It seemed very likely that his hypothesis was correct, especially as the patients submitted to a neurosurgeon for vestibular neurotomy had then lost their symptoms. It might be unnecessary, however, to conclude that all such cases should be submitted to this procedure, as other methods of labyrinthine destruction could be equally successful, and had been in the past. Alcohol injection of the labyrinth, for example, could be successful in relieving vertigo in these patients, although there was some risk of damage to the facial nerve. If Mr Ludman's supposition was correct, treatments that did not involve exposing the nerve endings should be given strong support.
Dr S K Bosher (Middlesex Hospital Medical School, London WI) said that he had had the unusual opportunity of examining the temporal bones of a patient with M6ni&re's disease upon whom a labyrinthectomy had previously been performed. The operation had consisted essentially of avulsion of the membranous lateral semicircular canal followed by intralabyrinthine injection of alcohol, and it was interesting that the only changes attributable to the surgical treatment were confined to the region of the semicircular canal itself. In particular, the utricular macula and the remaining cristwe showed nothing more than mild degenerative changes. The injection of alcohol, in this case at least, had therefore not produced any extensive destruction of the neural elements. However, the operation had been considered successful and so the findings, in this respect, supported Mr Ludman's concepts. Mr C S Hallpike said the fact that some patients, after operations for surgical destruction of one labyrinth, continued to suffer from symptoms indicative of its partial survival, presented a problem of much interest and importance. It was thought to be due to the persistence of certain sensory elements and this dictated the lines of treatment, either by careful surgical exenteration of the bony labyrinth or by intracranial section of the VILf nerve. He had had some experience of a few such cases, and several had been treated by VMII nerve section, all with good results. It was, however, a big procedure and better avoided if possible. What mattered was the underlying pathology and Mr Ludman had done well to give this his attention. If he was right in suggesting that the residual sensory elements were embedded in the fibrous lining of the bony labyrinth this would certainly make them difficult to destroy by surgery. We could not, however, be sure about this. What one knew nowadays of the endolymph system was that its different compartments had a considerable capacity for looking after themselves. Certainly, in one case in which he had had the opportunity of carrying out a histological examination some years after a labyrintholysis, the gaps in the wall of the utricle caused by removal of a membranous semicircular canal had undergone repair. It seemed to him that further histological studies were badly needed. Mr H W H Shepperd (Belfast) congratulated Mr Ludman on his new thoughts, but felt that there were other methods of dealing with the problem of vertigo after mastoid surgery; first, by using the combined approach technique in the original surgery so that there was no cavity to give trouble, and secondly, by obliteration of an existing cavity by the use of muscle. Mr J Angell James (Bristol) could not agree that membranous labyrinthectomy was always effective in abolishing all labyrinth function. He had seen 14 patients whose symptoms persisted, although caloric responses were absent, after surgical labyrinthectomy. Reopening the labyrinth in these patients under local anEesthesia caused vertigo and nystagmus or deviation of the eyes and often vomiting. The function of the labyrinth was successfully eliminated by reopening the vestibule widely and applying ultrasound at 22 W cm-' for 15 min directly into the labyrinth which had been filled with saline and all bubbles expelled, and employing continuous irrigation to avoid overheating.
